Impingement of the tracheal tube on upper airway structures occurs commonly during advancement over a fibreoptic bronchoscope or introducer. In this descriptive study a fibrescope was used to assess the site and mechanism of tracheal tube impingement during advancement over a variety of fibreoptic bronchoscopes and introducers during orotracheal intubation in anaesthetized adults. The effect of the 90° counterclockwise rotation manoeuvre in overcoming impingement was also assessed. We recorded impingement at the right arytenoid, left arytenoid, epiglottis, interarytenoid tissue and the left pyriform fossa. Our study found a wider range of sites at which impingement may occur than in previous studies. We also found that when 90° counterclockwise rotation of the tip of the tracheal tube was achieved, the impingement was reliably overcome.
SUMMArY
Impingement of the tracheal tube on upper airway structures occurs commonly during advancement over a fibreoptic bronchoscope or introducer. In this descriptive study a fibrescope was used to assess the site and mechanism of tracheal tube impingement during advancement over a variety of fibreoptic bronchoscopes and introducers during orotracheal intubation in anaesthetized adults. The effect of the 90° counterclockwise rotation manoeuvre in overcoming impingement was also assessed. We recorded impingement at the right arytenoid, left arytenoid, epiglottis, interarytenoid tissue and the left pyriform fossa. Our study found a wider range of sites at which impingement may occur than in previous studies. We also found that when 90° counterclockwise rotation of the tip of the tracheal tube was achieved, the impingement was reliably overcome.
key Words: anaesthesia, general intubation, equipment, fibreoptic bronchoscope, tracheal tube, introducer; catheter A tracheal tube (TT) that is being advanced over a fibreoptic bronchoscope (FOB) or TT introducer frequently impinges on upper airway structures, thus preventing free passage of the TT into the trachea [1] [2] [3] . The anatomical sites at which impingement occurs remain uncertain, with suggested sites including the right arytenoid cartilage 4 , interarytenoid tissue 5 and epiglottis 6 . Improving the understanding of how impingement occurs may assist anaesthetists in selecting equipment or techniques to overcome this problem.
The first objective of this study was to document the sites of TT impingement during orotracheal intubation under general anaesthesia by recording still and moving pictures of the upper airway as a TT was advanced over a variety of intratracheal devices.
The second objective was to assess the mechanism by which impingement occurs by studying the moving pictures. The third objective was to observe how the widely accepted technique of 90°countercloc�wise°countercloc�wise countercloc�wise rotation of the TT overcomes the impingement 4, 7, 8 .
MeTHODS
After obtaining ethics review Committee approval and written informed consent, we studied 57 patients, aged 18 to 75 years, at royal Prince Alfred Hospital and Concord repatriation General Hospital. eligible patients were those without an anticipated difficult intubation who required orotracheal intubation for elective surgery. Patients were excluded if they had an increased ris� of aspiration, oropharyngeal pathology or were morbidly obese.
Patients were allocated to one of three groups. Allocation was based on the availability of equipment (e.g. when a FOB was not available an introducer was used). This was a descriptive study and, as no intervention was being tested and no comparisons between the groups were planned, randomization was not relevant. In Group 1 the TT was advanced over a 4.2 mm FOB (Olympus LF-GP bronchoscope, Olympus Optical, To�yo, Japan). In Group 2 the TT was advanced over a 2.5 mm FOB (Olympus LF-DP bronchoscope, Olympus Optical, To�yo, Japan). In Group 3 the TT was advanced over one of three TT introducers. In Group 3a an eschmann Tracheal Tube Introducer (Portex, Hythe, kent, U.k.) was used. In Group 3b a 14F Coo� Airway exchange Catheter (CAeC) (Coo�, Indiana, U.S.A) was used. In Group 3c an 11F CAeC (Coo�, Indiana, U.S.A.) was used. The intubating equipment described above will hereafter be collectively referred to as intratracheal devices.
The patient was placed in a supine position with the head on a single standard pillow. Anaesthesia was induced as deemed clinically appropriate to the individual patient (in all cases this was with either propofol or sodium thiopentone plus either fentanyl or alfentanil) and rocuronium 0.6 mg/�g was administered. Facemas� ventilation with sevoflurane in oxygen was performed and the intubation process commenced once adequate paralysis was confirmed with neuromuscular monitoring (defined as zero twitches with train of four stimulation). For all patients a standard Portex TT was used (Portex, Hythe, kent, U.k). (ID 8.0 mm for males, 7.5 mm for females).
For patients who were intubated using a FOB, the device was passed orally until the carina was visualized. An assistant performed jaw thrust to clear the airway during the procedure; oropharyngeal intubating airways were not used. For the 27 patients intubated using an introducer or CAeC, the device was placed in the trachea using a laryngoscope with a standard MacIntosh blade.
For all patients, the fibrescope that recorded the images was passed into the pharynx after the intratracheal device was placed. Due to availability of equipment, a nasendoscope (Olympus enF P3, Olympus Optical, To�yo, Japan) inserted nasally was used at one institution and a gastroscope (evis exera 160 series gastroscope, Olympus Optical, To�yo, Japan) inserted orally was used at the other. When an adequate view of the upper airway structures was obtained the TT was advanced without rotation over the intratracheal device and the site of impingement, if any, was recorded. During the initial advancement the TT was in the neutral position, i.e. the Murphy eye was oriented to the patient's right and the bevel of the TT was oriented to the patient's left. In addition, the head was maintained in the neutral position and no jaw thrust was used.
If impingement occurred the 90°countercloc�wise°countercloc�wise countercloc�wise rotation technique was employed 4, 7 . This technique involves withdrawing the TT 2-3 cm, rotating it 90°countercloc�wise and then re-advancing it. The°countercloc�wise and then re-advancing it. The countercloc�wise and then re-advancing it. The effect of this manoeuvre was recorded by the imaging fibrescope. If impingement recurred then further rotations were used, and the effect of all attempts to overcome impingement were recorded.
As this was a descriptive study, no inferential statistical analysis was underta�en.
reSULTS
All 57 patients were successfully intubated using the planned techniques, and there were no adverse events.
Sites of impingement
On initial passage of the TT, impingement occurred in 45 patients (79%). We recorded TT impingement on the epiglottis (Figure 1 ), right arytenoid ( Figure  2 ), left arytenoid ( Figure 3 ), interarytenoid tissue ( Figure 4 ) and in the left pyriform fossa ( Figure 5 ). For comparison, a photograph of the TT passing without impingement is shown ( Figure 6 ). The sites of impingement for each type of intratracheal device are shown in Table 1 . 
Mechanisms of impingement 1. Left arytenoid/interarytenoid tissue/right arytenoid
We found that when a FOB or introducer was passed into the trachea, it always came to rest against the posterior part of the glottic opening, but it was not always located in the midline (Figure 7 ). When it sat to the left, impingement tended to occur on the left arytenoid. When it sat in the midline, impinge-ment tended to occur on the interarytenoid tissue. When it sat to the right, impingement tended to occur on the right arytenoid.
Epiglottis
We found that in some patients the intratracheal device was lying directly against the epiglottis and when the TT was advanced the tip would contact the epiglottis. Often the epiglottis would fold down and the TT would pass with minimal resistance, but in some patients the TT became impinged on the epiglottis and could not be advanced further.
Left pyriform fossa
This occurred as a result of the 90° countercloc�wise rotation manoeuvre and is outlined below. 
Effect of 90˚ counterclockwise rotation on impingement
The first step in this manoeuvre is withdrawing the TT 2-3 cm and we observed that this reliably released the tip of the TT from the structure on which it was impinged. The second step was to rotate the proximal part of the TT 90˚ countercloc�wise. When this resulted in a 90˚ countercloc�wise rotation of the tip of the TT (ie bevel facing posterior) it was successful in overcoming all cases of impingement (33 of 45 patients). The effect of this manoeuvre is shown in Figure 8a -d. However, the manoeuvre did not always translate to a 90˚ countercloc�wise rotation of the tip of the TT and in these cases the impingement persisted (10 of 45 patients). In the cases where the initial manoeuvre failed it was possible to increase the rotation of the proximal part of the TT until the tip was rotated 90˚ countercloc�wise (by viewing the image from the recording fibrescope). When the desired rotation of the tip of the TT could be achieved the TT passed smoothly into the trachea (8 of 10 patients). Impingement  right arytenoid  10  1  9  0  1  Left arytenoid  5  0  3  0  0  epiglottis  3  2  2  1  0  Interarytenoid Tissue  2  2  2  1  1  no impingement  5  0  7  0  0   Total  25  5  23  2  2 nB: There were 2 cases of impingement in the left pyriform fossa (1 each in the 2.5 mm FOB and 11F CAeC groups) following 90° countercloc�wise rotation to overcome impingement at the interarytenoid tissue. In the remaining two cases, impingement eventually occurred in the left pyriform fossa. In both of these cases a relatively thin and flexible intratracheal device was used (eD 2.5 mm FOB and an 11F CAeC), and the mechanism of impingement was the same. Initially, impingement occurred at the interarytenoid tissue in both cases. When the 90˚ countercloc�wise rotation was employed, the TT did not simply rotate on the intratracheal device as occurred with the larger intratracheal devices. Instead, the TT and intratracheal device were both displaced from the midline into the left pyriform fossa. Attempting to advance the TT into the trachea from this position was unsuccessful. When both the TT and intratracheal device were withdrawn together 4-5 cm they returned to the midline and the TT could be advanced into the trachea.
DISCUSSIOn
Our main finding was that impingement occurred at the right arytenoid, left arytenoid, interarytenoid tissue, epiglottis and in the left pyriform fossa. We found impingement at more sites than in previous studies.
recently, Johnson et al 5 assessed impingement during awa�e, orotracheal fibreoptic intubation using a nasal FOB to view the site of impingement. They studied 45 patients with an anticipated difficult airway or unstable cervical spine and documented impingement only at the right arytenoid and interarytenoid tissue. Three earlier, smaller studies documented impingement at a variety of sites including the right arytenoid, interarytenoid tissue, epiglottis, hypopharynx and posterior pharyngeal wall 4, 6, 7 . Two of these studies used a rigid laryngoscope to assess the site of impingement and the other used a FOB.
Overall, whilst there was significant variation in the sites of impingement, the right arytenoid was found to be involved in all studies using fibreoptic intubation. There are a number of possible explanations for the differences between our study and the previous studies. rigid laryngoscopes were used to identify the site of impingement in two of the previous studies 4, 7 . These may be more li�ely than flexible fibrescopes to distort the upper airway anatomy, and thus alter the position of the TT. In addition, they may not provide a view of adequate quality to accurately assess the site. Also, the earlier studies were relatively small, involving 9 4 , 10 6 and 13 7 patients. These studies may not have included sufficient patients to accurately document all the sites at which impingement may occur. However, the study by Johnson and colleagues 5 examined 45 patients and they found that impingement occurred only at the right arytenoid or interarytenoid tissue. All of the patients in their study were intubated while awa�e whereas ours were intubated while anaesthetized. It may be that this represents a true difference in the structures on which the TT impinges for awa�e vs anaesthetized intubations. Another possible explanation relates to the technique of imaging the intubation process. Many of the images in our study were obtained using a gastroscope. We found these images to be of significantly higher quality than those obtained using a nasendoscope. We found that diagnosing epiglottic and, in particular, left pyriform fossa impingement was greatly aided by the use of the gastroscope. Indeed, all of the images published in this manuscript are 'still frames' ta�en from video recorded with the gastroscope, as the quality was significantly better than the dedicated still images recorded with the nasendoscope.
The second finding of this study was that impingement on the posterior glottic structures (left arytenoid, right arytenoid, interarytenoid tissue) was dependent on the position of the intratracheal device relative to a. h. JackSon, b. orr et al these structures, i.e. if the intratracheal device sat to the right, impingement tended to occur on the right arytenoid. Interestingly, Johnson and colleagues 5 described the same mechanism except they did not find any cases of left arytenoid impingement. The mechanism for epiglottic and left pyriform fossa impingement detailed in our results section has not previously been described, and thus no comparison with previous studies is possible.
The third finding relates to the effect of the 90˚ countercloc�wise rotation on overcoming impingement. We found that when the tip of the TT rotated the desired 90˚, the impingement was overcome regardless of the site at which it occurred. When the tip rotated less than 90˚ the impingement recurred. However, the impingement was overcome when further countercloc�wise rotation was applied until the tip of the TT rotated 90˚. This is the first study to describe the technique for overcoming impingement if the initial 90˚ countercloc�wise rotation is unsuccessful. In everyday cases the tip of the TT is not visible, and if the initial 90˚ countercloc�wise rotation is unsuccessful, we suggest gradually increasing the degree of countercloc�wise rotation and readvancing the TT until the impingement is overcome.
There were two cases where impingement occurred in the left pyriform fossa following the 90˚ counter-cloc�wise rotation. Both occurred during 'railroading' over thin, more flexible intratracheal devices. We suggest caution in using this manoeuvre with these thin intratracheal devices (as may be needed with small TTs or double-lumen TTs), as further countercloc�wise rotation does not overcome the impingement.
This study has several limitations. First, the presence of the imaging fibrescope (especially the orally inserted gastroscope) may have altered the site of impingement. Second, the imaging equipment available at the two institutions was different and this could have affected the results, particularly as the higher quality images produced by the gastroscope made it easier to determine the exact site of impingement. Finally, the sites and mechanisms of impingement may vary with the many techniques and devices used to aid intubation. A detailed discussion of the different techniques used to overcome impingement when using a FOB is beyond the scope of this article but the interested reader is referred to a review of the topic 9 .
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